Stimulation of human platelet guanylate cyclase by fatty acids.
Guanylate cyclase from human platelets was over 90% soluble, even when assayed in the presence of Triton X-100. A time-dependent increase in activity occurred when the enzyme was incubated at 37 degrees and this spontaneous activation was prevented by dithiothreitol. Arachidonic acid stimulated the soluble enzyme activity approximately 2- to 3-fold. Linear double reciprocal plots of guanylate cyclase activation as a function of arachidonic acid concentration were obtained with a Ka value of 2.1 muM. A Hill coefficient of 0.98 was obtained indicating that one fatty acid binding site is present for each catalytic site. Concentrations of arachidonic acid in excess of 10 muM caused less than maximal stimulation. Dihomo-gamma-linolenic acid and two polyunsaturated 22 carbon fatty acids stimulated the activity of guanylate cyclase to the same degree as did arachidonic acid. The methyl ester of arachidonic acid was much less effective. Diene, monoene, and saturated fatty acids of various carbon chain lengths as well as prostaglandins E1, E2, and F2alpha, had little or no effect. These data indicate that the structural determined required for stimulation by fatty acids of soluble platelet guanylate cyclase is a 1,4,7-octatriene group with its first double bond in the omega6 position. This structural group is similar to the substrate specificity determinants of fatty acid cyclooxygenase, the first enzyme of the prostaglandin synthetase complex. However, conversion of arachidonic acid to a metabolite of the cyclooxygenase pathway did not appear to be required for activation of the cyclase since activation occurred in the 105,000 X g supernatant fraction and pretreatment of this fraction with aspirin did not alter the ability of arachidonic acid to activate guanylate cyclase. Kinetic studies showed that the stimulation of guanylate cyclase by arachidonic acid is primarily an effect on maximal velocity. Arachidonic acid did not alter the concentration of free Mn2+ required for optimal activity. It is concluded that the activity of the soluble form of guanylate cyclase in cell-free preparations of human platelets can be increased by a lipid-protein interaction involving specific polyunsaturated fatty acids.